ABSTRACT. We present and discuss quasi-continuous long-term 14C02 observations from the continental background station Schauinsland (48°N, 8°E, 1205 m asl, Black Forest, southern Germany). The observed steady decline of atmospheric 14002 from 1977 to 1996 can be described by a single exponential function with an e-folding time of (16.3 ± 0.2) yr. Summer means (May to August) in atmospheric 14C02 at Schauinsland compare within &4C = #4% with measurements made on individual rings from a tree grown in the near vicinity of the Schauinsland site. Both data sets are slightly depleted by up to 5%o if compared to maritime background measurements of atmospheric 14C02 made at Izana, Tenerife. This is due to the influence of fossil fuel CO2 emissions over the European continent as well as generally in mid latitudes of the Northern Hemisphere. 813C analyses from the Schauinsland samples show mean seasonal variations with an amplitude of ±0.4%o, caused by atmosphere-biosphere exchange, and a mean decrease from 1977 to 1996 of 613C = -0.017% yr. This trend is mainly due to an increasing quantity of fossil fuel CO2 in the atmosphere, depleted in 13C/12C ratio, and compares well to trends measured at other stations in mid-to-high northern latitudes.
INTRODUCTION
During atmospheric nuclear weapon testing in the 1950s and early 1960s, large amounts of radiocarbon were generated in the atmosphere. This artificial 14C input caused a global increase of the 14C/ 120 ratio in atmospheric CO2 by a factor of almost two in 1963 (see Fig. 1 ), leading to a substantial disequilibrium of 14C between atmosphere, biosphere and surface ocean water. In the last 20 years, this atmospheric 14C perturbation has been used extensively to investigate CO2 cycling between the atmosphere and the rapidly exchanging ocean and biosphere reservoirs (e.g., Stuiver 1980; Druffel and Suess 1983; Goudriaan 1992) . More recent quantitative attempts to budget bomb 14C in the global carbon system, however, led to evidence of a serious imbalance (Hesshaimer, Heimann and Levin 1994 ) that has still not been resolved. Nevertheless, constraints on exchange rates provided by bomb 14C are largely strengthened with the length of the observational record of bomb 14C decline in the atmosphere.
We here present our extended data set of atmospheric 14C02 observations from continental Europe for three main purposes. First, we want to make this record available to serve as an input function for global carbon cycle modeling. Second, for investigations of anthropogenic perturbations such as regional contamination by 14C-free fossil fuel CO2 emissions or by releases of 14C02 by nuclear power plants, the Schauinsland station can serve as an ideal reference, at least for Central Europe. Third, our record may be applied in dating young (post-bomb) (Fig. 1 ). They complement data sets by other groups performed at northern hemispheric background sites (Nydal and "vseth 1996) as well as in polluted areas (Kuc 1989) .14CO2 in the Northern Hemisphere was dominated in the early sixties by large seasonal variations that are caused by seasonal input of bomb 14C-rich air from the stratosphere into the northern hemispheric troposphere (Hesshaimer and Levin, submitted). The subsequent bomb 14C decline observed after 1963 mainly reflects the 14CO2 exchange fluxes with the ocean and the biosphere, which are governed by the internal circulation dynamics within these two reservoirs. But anthropogenic CO2 emissions also contribute to the observed 14C02 decline, whereas 14C emissions from the nuclear industry slightly counteract (by <1.5%o per year) these effects (Hesshaimer, Heimann and Levin 1994) . Figure 1 shows the combined data sets from Vermunt and Schauinsland. As discussed earlier, during the period of overlapping samples (1977) (1978) (1979) (1980) (1981) (1982) (1983) , results from both stations agree very well within measurement accuracy (Levin et al. 1985) .
Ei14C02 at Schauinsland Station
The complete record of monthly mean &4C02 data from the Schauinsland site is displayed in Figure   2 to Jungfraujoch, and by &4C = (4.3 ± 0.6)%o if compared to Izana. The difference between the two continental sites and Izana is partly caused by the general continental pileup of fossil fuel CO2 in Central Europe. However, due to fast atmospheric mixing in the west wind belt, mid northern latitudes (contributing >80% of global CO2 emissions from fossil fuels (Rotty 1983)) may be generally influenced by fossil fuel CO2 even over the Atlantic ocean.
As described previously (Levin, Graul and Trivett 1995) , the regular seasonal variations after 1982, when all atmospheric tests stopped, have been attributed to seasonally varying contributions of fossil fuel CO2 at the Schauinsland site. After extension of our observational 14CO2 network to maritime clean-air stations, however, significant seasonal variations were observed at all northern hemispheric sites with ca. 5-8%o higher &4C values in late summer compared to early spring (Levin et al. 1992 and unpublished Heidelberg data). We are therefore confident that only about half of the seasonal amplitude observed at Schauinsland is caused by regional fossil fuel CO2 contamination. The remaining part can be traced back to stratosphere-troposphere exchange (&4C =1-2%o), as well as to atmosphere-biosphere exchange through isotopic fractionation and disequilibrium effects (Hesshaimer 1997).
813C02 at Schauinsland Station
As a by-product of the 14CO2 analyses of our large-volume CO2 samples, the stable isotope ratio 13C/12C in CO2 was obtained at Schauinsland during the period of 1977 to 1996 (Fig. 3) . A large seasonal cycle with a mean amplitude of S13C = ±O.4%o is observed, closely anti-correlated with atmo- spheric CO2 concentration (Levin, Graul and Trivett 1995) . The mean 813C decreases from 1977 to 1996 by 0.017%o yr-1, comparable to trends observed at maritime background stations (Keeling et al. 1995) . One may question the reliability of atmospheric 13CO2 data derived from these samples as they may be partly fractionated during purification over charcoal. Therefore, we compared S13C results obtained by the chemical absorption method used here with those from samples specifically collected in glass flasks for stable isotopic analysis. CO2 from whole air samples (ca. 100 ml of air) was trapped cryogenically (Finnigan, Bremen, MT Box) and measured online with our MAT 252 mass spectrometer. These samples showed a systematic shift of +0.2%o (after correction for N20) compared to the data presented here, which may partly be due to the different sampling and analysis techniques, and also to smaller regional source CO2 contamination of the flask samples that were selectively collected during high wind speed situations. This contamination may arise from anthropogenic as well as from local biospheric CO2 emissions, both depleted in S13C. From the comparison of &4C and S13C records, it is worth mentioning that both the seasonal amplitude of 14CO2 and the seasonal amplitude of 13C02 vary from year to year. Particularly small seasonal g13C variations are observed in the years 1988 to 1990 when we also found only very small wintertime 14C depletions (see Fig. 2 
